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Skin and hair samples of harbour seals (Phoca vitulina) 
found dead along the west coast of northern Germany 
in 1988 were analysed for total mercury, cadmium and 
lead. Cadmium and lead concentrations were below the 
detection limit in most skin samples. The mercury 
content of the hair (median: 23.1 lag g-l wet wt) was 
several magnitudes higher than the mercury content of 
the skin (0.27 lag g-i wet wt). Mercury concentrations 
in hair samples were significantly higher than lead 
concentrations (0.54 0g g-t wet wt), which significantly 
exceeded cadmium levels (0.09 l~g g-i wet wt). Female 
seals revealed lower cadmium concentrations in the 
hair than male seals. Accumulations of metals with age 
were observed for cadmium and lead in hair samples 
and for mercury in skin samples of male seals. A 
connection between metal accumulation and pigmenta- 
tion or rather moult was clearly recognizable. 
Pronounced fluctuations in harbour seal populations of 
the North Sea have frequently occurred in the last few 
decades (Reijnders, 1986). The mass mortality of seals 
in 1988 due to infections of herpes- and morbiliviruses 
(Haas, 1991) led to one of the strongest decreases of 
marine mammals ever encountered in this area. 
Although infection was considered a direct cause of 
death, pollution effects are likely to favour mortality by 
weakening the immune system. Chronic exposure~ of 
organochlorines and trace metals are known to effect 
the immune system of animals and humans. Mercury, 
cadmium and lead are particularly pertinent in this 
respect because of their high toxicities and accumula- 
tion properties. 
Several investigations have been done on the metal 
burden of inner organs of marine mammals (Koeman et 
al., 1973; Koeman et al., 1975; Roberts et al., 1976; 
Harms et al., 1978; Drescher, 1979; Reijnders, 1980; 
Honda, et al., 1982; Honda, 1983; Ronald et al., 1984; 
Yamamoto, 1987) but few data are available concerning 
trace metal accumulation i the integument of these 
animals (Honda et al., 1982; Yamamoto, 1987; 
Hyvfirinen & Sipilfi, 1984; Roberts et al. 1976). Pre- 
viously published results indicate that keratinized 
tissues such as feathers and human hair are useful 
indicators of short- or long-term variations in exposure 
to environmental pollutants. To determine, whether this 
hypothesis i also true for hair of marine mammals, 
integument samples of harbour seals were analysed for 
mercury, lead and cadmium concentrations. Another 
objective of this paper is to discuss the influence of 
moult on the accumulation f metals in the hair. 
Materials and Methods 
Fur samples were collected from 47 specimens of 
Phoca vitulina found dead along the west coast of 
northern Germany in the summer of 1988. The samples 
originated from the neck regions of the animals. Tissues 
were stored in metal-free polyethylene bags at -20°C. 
Prior to analysis the samples were thawed just suf- 
ficiently to be cut. The hair was carefully removed from 
the skin with clean stainless teel instruments, washed 
in acetone, rinsed twice with double distilled water and 
washed again in acetone (Chatt, 1985; Das, 1981). The 
hair was subsequently rinsed, filtered and air dried. 
According to Ellis (1981) and Chart (1985) exogeneous 
contaminations are removed by this washing procedure. 
Samples were weighed in PTFE-containers. For 
cadmium and lead analyses the hair as well as the skin 
was digested under pressure in HNO 3 for 4 h at 165°C. 
For total mercury analysis tissues were digested under 
pressure with a 1:2 HzSO4-HNO 3 mixture for 3 h at 
165°C. The digested aliquots were stabilized as 
described by Korunova & Dedina (1980) and Lang 
(1983). 
Cadmium and lead were determined by graphite 
furnace atomic absorption spectrometry. Mercury 
concentrations were measured using the cold-vapour- 
technique. 
Prior to analysis the reproducibility of the method 
was tested and all used chemicals were analysed for 
metal contaminations. To confirm the accuracy of the 
analytical procedure standard materials 'Human Hair' 
(BCR/CRM 397) and 'Pig Kidney' (BCR 186) of the 
Bureau of Reference were analysed simultaneously with 
the samples. 
Due to matrix effects tandard addition calibrations 
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TABLE 1 
Concentrations of metals in male and female seals of different age classes (gg g-L wet wt). 
Cd/hair Pb/hair Hg/hair 
Pups Adults Pups Adults Pups Adults 
Median O. 10 O. 17 0.4 0.6 9.0 19.8 
Mean 0.09 O. 17 0.5 0.6 22.1 25 
• +(t.03 +0.12 _+0.1 _+0.3 _+20.3 _+ 16.1 
Median 0.11 0.08 0.9 0.4 13.6 32.1 
Mean 0.13 0.1 1.l 0.6 21.2 55.9 
_+0.11 _+0.09 _+0.8 _+0.3 _+23.4 _+61.3 
Hg/skin 
Pups Adults 
0.09 0.38 
0.12 0.44 
-+ 0.08 -+ 0.31 
0.29 0.33 
0.34 0.59 
+ 0.18 ± 0.67 
were used for lead and mercury, whereas cadmium 
could be determined by linear calibration. Since most 
data had distributions other than gaussian, all statistical 
calculations are based on medians instead of means. 
Metal concentrations were tested for significance using 
Kruskal-Wallis-H-tests, Wilcoxon and Friedman-tests. 
Conc. (IJg/g) 
1,4 
1,2 
Results 
The results of cadmium, lead and mercury in skin 
and hair tissues are summarized in Table 1. Heavy 0,8 
metal concentrations are expressed as means and 
medians and all values are based on wet weight. Con- 
centrations cited in the text are expressed as medians. 0,6 
Cadmium and lead contents of the skin were below 
detection limits (Cd: 0.002 ~tg g-l; Pb: 0.04 ~tg g-l) in 
most cases. Only one seal showed measurable cadmium o,4 
concentrations and two pups exhibited higher lead 
concentrations (0.3 gg g-l; 0.1 ~tg g-~) than all other 
animals. 0,2 
A comparison of metal contents in hair samples 
revealed significantly increasing concentrations with 
Cd < Pb < Hg (p < 0.001). 0~ 
Sex and age differences 
Cadmium concentrations were higher in the hair of 
adult males than in adult females (p < 0.05). A great 
variability was apparent in the mercury content of both 
female and male pups and adult females (Table 2). 
There were significant positive correlations 
(p < 0.02) of lead and cadmium in hair and mercury in 
skin as a function of male seal age, weight and length. 
No such correlations were found in female seals (Fig. 1). 
Metal content and pigmentation ofthe hair 
Significant differences between the metal content of 
hair samples of different colours (p<0.05) were 
observed. Yellow to brown coloured hair contained 
highest cadmium (0.29 ~tg g-l) and lead concentrations 
(0.9 ~tg g-l) compared to whitish (Cd: 0.09 ~tg g-l; Pb: 
0.5 ~tg g-l) and blackish hair (Cd: 0.06 ~tg g-l; Pb: 0.4 
gg g-l). No such trend was noted for mercury. Blackish 
and whitish coloured hair showed similar metal con- 
centrations. 
Correlations between different elements 
Lead concentrations were positively correlated with 
cadmium (p<0.001) and mercury (p<0.05)  in sub- 
[] ] 
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Age (yrs) 
Fig. l Cadmium and lead concentrations i  subadult (1-3 yr) and 
adult(>3 yr) maleseals;r=correlation coefficient. 
TABLE 2 
Concentrations of metals in hair and skin of harbour seal in 1988 
(~tg -i wet wt). 
Cd 
Hair Skin Hair 
Median 0.09 < 0.002 0.5 
Means 0.12 <0.002 0.6 
_+0.09 _+0.4 
Pb Hg 
Skin Hair Skin 
< (l.04 23.1 0.27 
<0.04 33.5 0.40 
_+38.5 _+0.43 
adult and adult male seal hair samples. No correlations 
were found between mercury and cadmium concentra- 
tions of male seals and between different metal contents 
of female seals. 
Discussion 
There were great differences between the accumula- 
tion properties of cadmium, lead and mercury in skin 
and hair samples. For example cadmium and lead were 
153 
below detection limits in skin samples, whereas con- 
siderable amounts of mercury were found in this tissue. 
Compared to mercury levels in harbour seal liver and 
kidney, however (Koeman et al., 1973; Roberts et al., 
1976; Drescher, 1979; Reijnders, 1980; Harms, 1983), 
the mercury content of the skin was low indicating that 
the skin of marine mammals cannot be considered a
target organ of metal accumulation. 
Hair samples, on the other hand, revealed metal 
concentrations similar to liver and kidney tissues of 
previously published investigations (Koeman et al., 
1975; Roberts et al., 1976; Harms et al., 1978; 
Risebrough, 1978; Drescher, 1979; Duinker, 1979; 
Harms, 1983). In particular mercury accumulates in the 
marine food chain leading to 100-1000 times higher 
mercury concentrations in seal hair than in some 
species of prey (Kruse & Kriiger, 1984; Claussen, 
1988). Similar mercury accumulation has been 
described by Drescher (1979) and Hapke (1984). Seal 
hair, therefore, appears to play an important role in the 
accumulation of heavy metals. Keratinized tissues uch 
as bird feathers and human hair are known to be 
reliable indicators of metal pollution (Jenkins, 1979; 
Phelps, 1980; Gochfeld, 1991). Marine mammal hair 
may also be useful in this regard. 
Unlike human hair seal hair grows rapidly and has 
a correspondingly different pollutant accumulation 
pattern. In addition, marine mammal hair does not 
grow continuously ike in humans but is renewed over a 
relatively short period in an annual moult (Bigg, 1981; 
Ling, 1984). All animals analysed were found dead 
between the end of August and the end of September 
and therefore originated from different moult stages 
(Bonnet, 1972). Our results indicate that this particular 
mode of hair growth influences the distribution of 
metals in hair tissue. The timing of moult seem to be an 
important factor in the accumulation f metals with age. 
Bigg (1981) found, that adult seals moult later than 
subadult seals. This delay might have caused the higher 
cadmium concentrations in the hair of adult male seals 
compared to subadult males. 
Sex and reproductive stage of animals may also 
influence the trace metal content of seal hair. According 
to Ling (1965, 1984) moult is closely linked to breeding 
in female seals. Due to inhibitory mechanisms during 
lactation, moult occurs later in breeding female seals 
than in non-breeding seals (Ling, 1965). It is possible 
that the different timing of moult accounts for the 
variability in trace metal contents especially of female 
hair. These animals also excrete metals via 
transplacental transport and lactation, which in turn 
may influence the metal content in pups and breeding 
female seals (Holden, 1978; Honda, 1983). 
The observed link between metal concentration i
seal hair and pigmentation is probably a function of 
hair age. Brownish and yellow hair can be considered 
dead material which is no longer connected to hair 
follicles and which is about to be shed (Stede, pers. 
comm.). All other hair colours represent newly grown 
hair. It can be seen clearly from the results that the 
deposition of metals was complete in the dead hair 
material, while in at least some seals hair was still 
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growing so metals were presumably still being accumu- 
lated. This hypothesis was most evident in one 
particular seal, which was found dead while moulting. 
This animal had a combination of still growing short, 
black hair and old fully grown, yellow hair. The analysis 
of both hair types revealed significantly higher cad- 
mium and lead concentrations i  old yellow hair than in 
growing black hair. This corresponds to the metal 
concentrations of similar pigmentated hair of other 
seals analysed in this study (including female and male 
seals of all age classes). These results as well as the 
comparable concentrations of black and whitish hair 
indicate that pigmentation is not important for trace 
metal accumulation i  seal hair but the different growth 
stages of hair strongly influences the metal concentra- 
tion in this tissue. 
It is possible that the influence of moult on the metal 
accumulation i hair biases the relationship between 
metal accumulation and age found in male seals. For 
example, the oldest male seals showed yellow, dead hair 
and therefore revealed the highest cadmium and lead 
concentrations. If these seals were excluded from the 
consideration of metal accumulation with age, no 
correlations were found between age and metal con- 
centrations in male seals. The influence of moult on 
metal accumulation with age could also be observed in 
female seals. The oldest animals showed still growing 
whitish coloured hair carrying extremely low cadmium 
and lead concentrations. Consequently the metal 
content of seal hair can be highly variable due to 
reproductive effects and moult. For these reasons hair 
of animals collected uring the late breeding/moulting 
season cannot be used as indicator tissues for metal 
pollution. Further investigations have to be done on 
metal accumulation i  seal hair between two moults in 
order to discuss the indicator function of this tissue. 
The consideration of metal concentrations in seal 
hair, however, is useful, if metabolic processes are to be 
taken into account. Accumulation of metals in hair 
indicates that considerable amounts of toxic substances 
are excreted uring the moult so that hair may function 
as a detoxifying organ for seals. 
Detoxifying mechanisms also involve antagonistic 
effects between essential and non-essential metals. Zinc 
is known to exhibit detoxifying effects against cadmium 
intoxications. The same is true for selenium and 
mercury (Rohbock, 1984; Ronald, 1984). Synergistic 
effects may also occur between non-essential metals 
intensifying the toxic properties of these compounds. 
Such combined effects were described by Rohbock 
(1984) and Wickelein (1984) between mercury and 
lead and between cadmium and lead. We observed 
significant correlations between these elements in hair 
of male animals indicating that these particular effects 
may also be valid for harbour seals. Further investiga- 
tions concerning the correlation of metals in hair and 
inner organs are needed to confirm this hypothesis. 
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